Small spacecraft, including micro and nanosats, as they are envisioned for future missions, will require an alternative means to achieve thermal control due to their small power and mass budgets. One of the proposed alternatives is Variable Emittance (Vari-E) Coatings for spacecraft radiators. Space Technology-5 (ST-5) is a technology demonstration mission through NASA Goddard Space Flight Center (GSFC) that will utilize Vari-E Coatings. This mission involves a constellation of three (3) satellites in a highly elliptical orbit with a perigee altitude of -200 km and an apogee of -38,000 km. Such an environment will expose the spacecraft to a wide swing in the thermal and radiation environment of the earth's atmosphere. There are three (3) different technologies associated with this mission. The three technologies are electrophoretic, electrochromic, and Micro ElectroMechanical Systems (MEMS). The ultimate goal is to make use of Vari-E coatings, in order to achieve various levels of thermal control. The focus of this paper is to highlight the Vari-E Coating MEMS instrument, with an emphasis on the Electronic Control Unit responsible for operating the MEMS device. The Test & Evaluation approach, along with the results, is specific for application on ST-5, yet the information provides a guideline for future experiments and/or thermal applications onthe exterior structure of a spacecraft.
INTRODUCTION
The Space Technology 5 (ST-5) mission is the fourth space mission in NASA's New Millennium Program @MI'). This program endeavors to validate new technologies that will enable the reductions of weight, size, and costs of hture Earth Science missions. Current satellites weigh hundreds to thousands of kilograms (kg) and use hundreds of watts of heater power. Future missions could involve the use of miniature satellites weighing 5 to 10 kg each that use a fraction of the power associated with larger spacecraft. In order for such size, power, and weight designs to be employed on miniature spacecraft, smaller radiators will be required. Variable Emittance (Vari-E) coatings have proved applicable to a wide ran e of space applications, particularlq in the area of radiatorsJfj Studies reveal that Vari-E coatings offer substantial savings in mass and/or power over traditional approaches (i.e. large heaters, variable conductance heat pipes, and mechanical louvers)[". This paper discusses the use of a Vari-E infrared radiator coating with MEMS shutters that can be opened or closed to vary ihe emissivity of the radiator surface, thereby providing a thermal path from the external environment to the spacecraft. Utilization of these characteristics on small spacecraft allow us to maintain the same benefits associated with traditional techniques, but on a much smaller scale. Success in this area could lead to great advancements in emerging technologies that require small, low power, and more cost efficient instruments. This experiment will be subject to a radiation environment of 40krad and is scheduled for launch in May 2004.
INSTRUMENT DESCRIPTION
The Johns Hopkins University Applied Physics Laboratory (APL) MEMS Variable Emittance Coating (VEC) Instrument consists of two components, namely the MEMS Shutter Array (MSA) radiator and the Electronic Control Unit (ECU). The MSA is physically located on either the top or the bottom deck of the spin-stabilized ST-5 spacecraft whereas the ECU will be located within the spacecraft. The MSA can be operated in both manual and autonomous mode, to evaluate both high and low emittance states; however, the manual mode, low emittance state is the default mode of operation.
The MSA is a variable emittance radiator, consisting of two isolated sections, each containing 18 MEMS Shutter Die (MSD). The sections are divided into 3 subsections each (6 MSDhbsection), which are independently controlled by the ECU. The shutters are in a closed position when no power is supplied, and open upon the application of a 30-volt DC signal. The shutters can be independently controlled by the ECU. In manual mode, all shutters can be commanded to be either all open or all close. In automatic mode, the ECU has the ability to independently control the shutter position of the different sections of the MSA and determine the resulting change in radiator substrate temperature. The temperature results are significant because they provide a quantitative record of how well the instrument performs as a thermal device (i.e. functional radiator). The ECU transmits the readings of four temperature sensors, the shutter arrangement, and the shutter status to C&DH. This diagram depicts the various processes carried out by the ECU, thereby revealing its significance for such an experiment. The overall performance process is a follows: The Electrical Power System (EPS) supplies 5.23 f 0.1 volts to the ECU. The 5.23 volts powers the microcomputer and is then stepped up to 30 volts to properly power the MEMS comb drives. Once powered, the MEMS instrument can now be properly controlled. At such time, the microcomputer sends its status information out to C&DH, and awaits command. C&DH sends two different bi-level commands to the ECU, which are examined and executed via the ECU. The bi-level commands are AutomaticManual and OpedClose. These two bi-level commands tell the ECU whether its processing unit will be in full control of the MEMS device, or if C&DH will command the state of the shutters. Provided C&DH sends the Automatic command to the ECU, the ECU is in total control of the MEMS device. In Automatic mode, the microcomputer is capable of controlling each section of the MEMS device independently. The current MEMS design consists of two (2) Note: Maxi" Power Allocation is 365 m w for this experiment.
Instrument operation
The ECU operates in an automtic and a manual mode. The functions performed by the instrument in each mode of operation are: (-5-10) will be required to for a diagnostic test to be conducted. Prior to such test, telemetry data will be undefined. Upon completion of the diagnostic test, the status line will go high, and the TM data will be valid. In manual mode, the status line will be zero.
MICROCOMPUTER FUNCTIONS

Digital commands
The two bi-level commands, AutomaticManual and OpdClose, along with the switched power from the C&DH, will form four modes of operation as shown in the Table 1. . If mode zero is selected, the entire system is shut down as no power exists to operate it.
If mode one is selected, the shutters will be in the powered off state, which is the closed position. The high voltage power supply will provide 1 Hz pula,es, of 30 V each, every second for 10 ms to the shutters to actuate them and ensure their operability. Thermistors (temperature sensors) will be read by C&DH.
. If mode two is selected, the high voltage supply will power all shutter actuators. The high voltage will be interrupted with 1 Hz pulses, 0 V, 10 ms lorig to actuate the shutters and ensure their operability. Thermistors (temperature sensors) will be read by C&DH.
. If mode three is selected, the microcomputer will operate in automatic mode. The temperature sensor rasults will be recorded by the ECU to evaluate the substrate temperature. Once in automatic mode, the microcomputer will issue commands to the MSA driver to opedclose selected shutter sections foXlowing the experimental procedure given below. The temperature of the MSA is monitored and transmitted to C&DH according to the required timing scheme.
PACKAGE REQUIREMENTS
The total weight of the instrument shall not exceed 350 g. This includes all electronics, housing material, connectors, etc. The MSA radiator is constrained to a 10 cm(L) x 9 cm(W) x 3 cm(H) envelope. The ECU will be housed in a ' 7.5 x 7.5 x 2 cm package. Micro-D-Metal (MDM) connectors will be used for the interfaces between C&DH and the ECU, and the ECU to the MSA radiator. The spacecraft bus will provide most of the radiation shielding for this experiment; however, if additional shielding is required, other shielding measuredmethods will be used.
ENVIRONMENTAL TEST REQUIREMENTS
Several environmental tests must be conducted before the final flight design. Table 2 provides a summarized list of the various performance tests that will be conducted to verify part survival. In addition to the test listed, life cycling tests, performance measurements (both effective IR emissivity and solar absorptivity), cycling in vacuum (over 1000 times), and exposure to a simulated space environment in GSFC's Solar Wind and W facilities will be conducted. 
Test
I
DISCUSSION OF THERMAL ANALYSES
An incremental approach was used to validate the performance of the MEMS device as a radiator. This analysis was conducted with and without a heater, to evaluate whether a large enough At would be observed between the spacecraft and the technology, in the low and high emittance states. Based on the assumptions below, and a dynamic emittance of 0.7, the qualitative results from the study conducted are as follows:
Assumptions: .
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The issues that arise as a result of this analysis are:
. Interface conductance may be difficult to proveherify; therefore, a heater would be beneficial if utilized as a means for calibrating the device It's desirable to have a lOoK between the spacecraft and the radiator, and a lOoK change between the high and low emittance states. Operational scenarios need to be well thought out since the spacecraft temperatures will likely be well above 253OK The dynamic range of the device is likely to be around 0.4 rather than 0.7; therefore additional analyses are required.
. .
CONCLUSION
It has been shown in multiple models t41 that VEC technology offers significant advantages over current approaches for radiators in low UV environments. The heater power, mass, and cost savings that can be realized with these systems are potentially significant for many future spacecraft design applications. In addition, VEC coatings allow a more flexible thermal design, which is important for spacecraft such as ST5 that are launched as a secondary payload and the orbit parameters are not well defined known during the design period. The ST5 mission will demonstrate three VEC technologies and, if successful, provide validation for their use on future spacecraft. There are a number of challenges connected with this project. The technology as a whole will undergo a very strict space qualification test schedule, for which so far only CMOS devices can be used as a reference. The shutter status will be recorded during flight for the first time, with the mission scheduled to last for 6 months. Also, information on the performance of actuated MEMS structures in the space environment will be gathered and provide guidelines for future designs.
At this point, fully actuated prototypes of MEMS shutter arrays have been fabricated and are undergoing critical reliability and space qualification testing. The electronics responsible for operating the MEMS device have been selected to ensure that the radiation levels, and extended temperature ranges will be met.
